Summary. RNA synthetic activity of human 2\p=n-\16-cell embryos developing in vitro was studied by [3H]uridine light-microscope autoradiography. Parallelly cut thin sections were examined in the electron microscope. The first extranucleolar RNA synthesis was detected in 4-cell embryos, but nucleoli were never labelled until the 3rd cleavage (6\p=n-\8-cellembryos). In 6-cell embryos the nucleolar labelling was mostly confined to a narrow peripheral zone. In later cleavage stages most of the blastomeres showed intensive labelling of nucleoli and extranucleolar chromatin. However, rather low levels of extranucleolar RNA synthesis and the absence of nucleolar activity were often seen even in blastomeres of fully compacted morulae. The activation of nucleolar RNA synthesis entailed a noticeable increase in the number of ribosomes (estimated by electron microscope morphometry) that followed a marked drop during the period between the 2-cell and 8-cell stages. The results indicate that the concentration of ribosomes in the preovulatory oocyte is a major factor of its developmental potential.
Introduction
It is generally accepted that the very early development of the mammalian embryo after fertiliz¬ ation is fully controlled by an oocyte-derived developmental programme but, later on, the control of the differentiation processes is gradually taken over by the embryo itself (reviewed by Epstein, 1975; Johnson, 1981 ; Magnuson & Epstein, 1981 ; Flach, Johnson, Braude, Taylor & Bolton, 1982) . The oocyte control of the early developmental processes of the zygote is effected by a supply of maternally inherited molecules amongst which various species of RNA play a crucial role. Activation of the embryonic RNA synthesis that is obviously a necessary prerequisite for the transition from oocyte to embryo control seems to take place at different cleavage stages, depend¬ ing on the species. The beginning of poly (A) + RNA (presumably mRNA) synthesis in the mouse can be detected from the late 1 -cell stage (Clegg & Pikó, 1983) while rRNA begins to be synthesized no sooner than at the 2-cell stage (Knowland & Graham, 1972; when there is also biochemical evidence for an overall increase in the incorporation of RNA precursors (Woodland & Graham, 1969; Knowland & Graham, 1972; Clegg & Pikó, 1977) . By contrast, the start of embryonic rRNA synthesis seems to be delayed up to the morula stage in the rabbit (Manes, 1971 ) although rabbit embryos produce heterogeneous RNA from the 2-cell stage onwards (Cotton, Manes & Hamkalo, 1980 (Plachot et al, 1985) . Apparently healthy 4-8-cell embryos showing regular cleavage rates and lacking signs of fragmentation were removed from the cohort of cultured conceptuses 40-60 h after insemination in treatment cycles in which at least 4 other embryos were replaced into the patient's uterine cavity. The embryos selected for research purposes were either used immediately in labelling experiments (see below) or cultured for an additional 24-48 h in order to obtain the early morula stage. In the case of 2-cell embryos, the selec¬ tion was made 24-36 h after insemination in treatment cycles in which normal fertilization and cleavage had taken place in more than 6 preovulatory oocytes. From a total number of 20 embryos, 4 were at the 2-cell stage, 4 at the 4-cell stage, 2 at the 6-cell stage, and 5 at the 8-cell and early morula (12-16-cell) For the morphometric estimation of the number of ribosomes, randomly selected areas of blastomeres were photographed and printed at a final magnification of 50 000. Ribosomes were counted in photographic prints of standard size and their number per unit area of the section was calculated. The equation, reported by Loud (1968) as simplified by Pikó and Clegg (1982) was Nv = Na/t where Na = number of ribosomal profiles per unit section area and t = section thickness, and was used to determine the number of ribosomes in unit volume of the embryo (N¿). The total number of ribosomes per embryo was calculated on the basis of the approximations used by (Fig. 4) . In two cases, this retarded RNA synthetic pattern was revealed in a majority of morula blastomeres without any apparent alteration of the compaction process. 
Number of ribosomes
Although no selective staining for ribonucleoproteins was performed, ribosomes were clearly recognizable at the magnification used for their counting (Fig. 5) . The results of the morphometric analysis are summarized in Table 2 . The number of ribosomes per l-µ 2 section area decreases more than twice at the 4-cell stage as compared with the 2-cell stage. This difference between the 2-cell and 4-cell stages is significant (P < 002). Only a slight reduction of the mean number of ribosomes was found between the 4-cell and 8-cell stages. The difference in the number of ribo¬ somes per l-µ 2 section area between the 4-cell enbryos and Nu+ blastomeres of the 8-cell embryos is not statistically significant ( > 005). When expressed per embryo, however, the decrease in the number of ribosomes in the period between the 4-cell and 8-cell stages is more apparent, owing to the existence of Nu-blastomeres in 8-cell embryos ( Fig.  3 to the left (Fig. 5) and in Fig. 4 (Fig. 6) . On the other hand, the uptake of radioactive uridine was only three times higher in mouse 4-cell embryos than in 2-cell embryos (Clegg & Pikó, 1977) . It cannot be assumed, however, that the activation of precursor entry follows the same pattern in mouse and human embryos. Moreover, the in-vitro uptake of RNA precursors into the intraembryonic pool may depend on the medium, as demon¬ strated in the mouse (Woodland & Graham, 1969) . In our study, measurable radioactivity could be detected in the aldehyde fixative after the treatment of human 2-cell embryos previously incubated with [3H]uridine (cumulus and corona cells totally removed) and washed free of the unincorporated precursor, suggesting the entry of the precursor into human 2-cell embryos.
Unlike extranucleolar RNA synthesis which is active in human embryos as early as the 4-cell stage, nucleolar RNA synthesis does not start until after the third cleavage division (6-8-cell embryos). It has been previously reported that 'nucleoli' of human 2-4-cell embryos do not contain embryonic DNA and, in fact, are not true nucleoli but merely their precursors (Tesafik et al, 1986) .
The present results suggest that among different maternally derived RNA species persisting in the early human embryo ribosomal RNA is of particular importance, since the embryo must cover its demand on protein synthesis using exclusively the oocyte-inherited ribosomes throughout the first three cell cycles characterized by nucleolar functional inactivity. The quantitative changes in the ribosomal content during cleavage of the human embryo, as described in this study, are in accordance with the notion that de-novo formation of ribosomes begins concomittantly with the activation of nucleolar rRNA synthesis. A decrease in the number of ribosomes, similar to that observed in this study between the 2-cell and 4-cell stages, has been reported to take place between the pronuclear and 2-cell stages in the mouse embryo in which rRNA synthesis begins at the 2-cell stage . This reduction of the ribosomal population can be easily explained by the elimination of aged structures in the absence of the production of new ones.
The relatively low numbers of ribosomes in human 2-cell embryos (< 10% less when expressed per unit section area and about 50% lower when expressed per embryo), compared with 2-cell con¬ ceptuses of the mouse Trávník & Zimová, 1984) , are unusual, suggesting that the human zygote inherits a significantly smaller amount of ribosomes from the oocyte than does that of the mouse. This finding is surprising in view of the delayed production of new ribosomes by the human embryo. Very low numbers of ribosomes have been reported for early cleavage stages of human embryos developing in vivo (Pereda & Croxatto, 1978) and in vitro (Sundström, Nilsson & Liedholm, 1981; Sathananthan, Wood & Leeton, 1982) , although quantitative evaluations were not performed. We cannot confirm the observation that ribosomes occur exclusively as monosomes in early human cleavage stages (Sundström et al, 1981; Sathananthan et al, 1982) ; most ribosomes observed in the present study appeared to be organized in polysomes (Fig. 5) .
On the basis of the methodology employed, it is not possible to decide whether the RNA transcripts newly synthesized in human 4-cell embryos are immediately used for translation or stored for later utilization. In any case, if there is any translation of the newly synthesized extra¬ nucleolar (presumably at least in part messenger) RNA in human 4-cell embryos, it is evidently fully dependent on the maternally inherited supply of ribosomes. The concentration of ribosomes in the preovulatory human oocyte may then be an important factor of its developmental potential. The resumption of nucleolar synthetic activity during the 4th cell cycle of human embryos seems to be of vital importance for a given blastomere as the extremely low numbers of ribosomes in Nu -blastomeres of human 8-16-cell embryos seem to be hardly compatible even with assuring the basic cellular functions, such as renewal of cell organelles and enzymic systems necessary for the maintenance of cell integrity.
From an analysis of implantation rates and the incidence of multiple implantations achieved by four major IVF groups (Rogers, Milne & Trounson, 1986) , it is evident that the probability that a human embryo grown in vitro is viable ranges between 0-21 and 0-32. It is tempting to speculate that 
